Carpal tunnel syndrome (CTS) is the most common peripheral nerve compression disorder in adult population accounting for 90% of all entrapment neuropathies. [1, 2] Additionally, CTS is one of the musculoskeletal disorders that is often described as an occupational hazard, including occupations involving computer use. [3] [4] [5] [6] [7] Census 2011 revealed that more than 23 million households (9.4%) in India have a computer in their house. [8] In the year 2016, country's total number of Internet users was about 462 million, which was 13.5% of world Internet users. [9] Looking at the huge population working on computers as well as accessing Internet, upper limb nerve injuries such as CTS may emerge out as a common disorder, if it is related to computer use. High rates of repetitive movement of the wrists, working with bent wrists, forceful hand motions, and improper rests of the hands and wrists may result in CTS in computer operators. There are several studies done to find out the relationship between CTS and computer use. [4] [5] [6] [7] [10] [11] [12] [13] [14] [15] However, clear consensus is lacking as far as the association between use of computer and risk of possible CTS is concerned. Hence, this study was conducted with the aim to assess this association.
Putting confidence level at 95%, power at 80%, control to case ratio at 2, expected frequency of exposure in control group at 20%, and closest value of Odds Ratio (OR) to be detected at 2, in sample size calculator of Epi Info (version 6), the sample size turned out to be 411 (137 cases and 274 controls). All the confirmed cases of CTS were enrolled in the study after their consent, as and when they report in KMPIP till the desired sample size was achieved. For every case included in the study, we selected two controls from above-mentioned group after matching for age and sex.
The case definition of CTS was:
Patient having: i. tingling/numbness and/or pain in radial 3½ digits of hand that may worsen at night and may relieved by shaking the affected hand, with or without presence of decreased grip strength of the affected hand and thenar muscle atrophy, and ii. positive median nerve compression test (sensitivity: 0.87 and specificity: 0.9) [16] and iii. presence of any of the following electro-diagnostic criteria: [17] a . D i s t a l m e d i a n m o t o r l a t e n c y m o r e t h a n 4.4 milliseconds (ms); b. Difference between distal motor latency of median and ulnar nerves more than 1.1 ms; c. Difference between distal sensory latency of median and ulnar nerves more than 0.2 ms.
Procedure of nerve conduction study
The participants were comfortably seated on a couch with hands supported on pillow. The skin was cleaned and prepared; the electrodes were secured with gel for optimal conduction. Motor and sensory nerve conduction studies were carried out for both hands. Infrared lamp was used to maintain the temperature when it was cold. Bilateral median and ulnar nerves were studied for motor and sensory components.
Obesity was considered when BMI was ≥25 as per the WHO classification for Asian adults. [18] Short stature was considered when participant's height was less than 150 cm. Current use of computer was considered when the respondent has used desktop computer for at least one year from the day of inquiry. Similarly, past use of computer was considered when the respondent has used desktop computer for at least one year, but he/she has stopped using it for more than six months from the day of inquiry. Use of laptop was not considered as computer use for the present study.
Data collection
An informed written consent was taken from all the participants found eligible and only those who agree to participate were enrolled in the study. The relevant information was collected using a structured questionnaire. The questionnaire was pretested and pilot-tested before its administration to the study participants.
Statistical analysis
Odds ratio (OR) with 95% confidence interval was calculated between the two groups to analyze the association. For control of confounding factors, logistic regression analysis was done. The study was approved by Institutional Ethics Committee of H. M. Patel Center for Medical Care and Education, Karamsad, Gujarat.
Results
The present study included 137 cases and 274 controls with a case-control ratio of 1:2. The mean age of cases was 47.6 ± 10.96 years (range, 18-80), while that of controls was 47.5 ± 10.887 (range, 20-80). A total of 324 (78.8%) females and 87 (21.2%) males participated in the study.
Being matched for age and sex, cases and controls did not show any statistically significant difference regarding distribution of these two variables [ Table 1 ]. Majority of cases and controls were educated above secondary level as depicted in Table 1 .
In univariate analysis, significantly higher proportion of cases were found to be obese (OR = 3.73, 95% CI = 2.41-5.77) and having short stature (OR = 2.82, 95% CI = 1.7-4.89). While no difference between cases and controls was detected in education [OR = 1.18, 95% CI = 0.51-2.7 (for primary level education), OR = 1.35, 95% CI = 0.66-2.75 (for secondary and higher secondary level education), and OR = 1.44, 95% CI = 0.68-3.01 (for graduate level education and above)], current (OR = 0.48, 95% CI = 0.18-1.3) or past (OR = 2.01, 95% CI = 0.12-32.3), tobacco smoking and family history (OR = 1.98, 95% CI = 0.94-4.14) as shown in Table 1 . Moreover, presence of diseases such as diabetes mellitus (OR = 0.84, 95% CI = 0.47-1.49), hypothyroidism (OR = 1.62, 95% CI = 0.71-3.67), rheumatoid arthritis (OR = 1.0, 95% CI = 0.24-4.06), and hypertension (OR = 0.76, 95% CI = 0.34-1.7) was found to be similar between the two comparison groups [ Table 2 ].
While analysing variables related to female participants only, our study did not find any association between pregnancy (OR = 0.28, 95% CI = 0.03-2.34), menopause (OR = 1.37, 95% CI = 0.86-2.19), and current (OR = 1.13, 95% CI = 0.27-4.25) as well as past (OR = 1.23, 95% CI = 0.62-2.44) use of oral contraceptives and risk of CTS [ Table 3 ].
Although current use of computer was found to be significantly associated with CTS (P < 0.01), OR of 0.47 suggests that there is no positive association between computer use and CTS [ Table 4 ].
In multivariate model, independent risk factors identified for CTS were education (OR = 0.79, 95% CI = 0.66-0.94), presence of obesity (OR = 3.11, 95% CI = 1.92-5.04), and short stature (OR = 1.06, 95% CI = 1.02-1.1) as shown in Table 5 . In this model also, our study found CTS to be significantly associated with current use of computer (P < 0.01). However, OR of value less than one does not indicate positive association between current computer use and CTS [ Table 5 ]. Similarly, multivariate analysis of variables related to only female participants revealed current computer use being associated with CTS (OR = 0.48, 95% CI = 0.24-0.97), nonetheless with OR less than one [ Table 6 ].
discussion
The present case-control study was conducted in a school of physiotherapy attached to a teaching hospital. It took about one and a half years to meet the desired sample size of neurophysiologically confirmed cases of CTS. Along with computer use, we studied the conventional risk factors associated with CTS that are described in literature. In our study, level of education, obesity, and short stature were identified as risk factors for CTS. Considering OR less than one in case of education, it can be inferred that it is inversely associated with the risk of CTS. Many studies have demonstrated an association of CTS with obesity [10, [19] [20] [21] [22] [23] and short stature. [20] [21] 24] Pressure on the median nerve due to fat near the carpal tunnel may be the reason for this association. [20] Cigarette smoking was reported as a strong age independent risk factor for CTS in a study by Vessey et al. [20] However, a meta-analysis done by Pourmemari et al. found this association only in cross-sectional studies and not in case-control or cohort studies. [25] Our study did not demonstrate smoking, either current or past, as a risk factor for CTS. Similarly, a positive family history was not found to be predictive of CTS in our study, which was in contrast to the finding of a study done by Radecki. [26] In the present study, chronic diseases such as diabetes mellitus, hypothyroidism, rheumatoid arthritis, and hypertension were not found to be associated with occurrence of CTS. This finding was in congruence to that reported in two European studies done by de Krom et al. [19] and Atroshi et al. [27] However, another case control study conducted by Solomon DH et al. reported a higher risk of CTS in presence of inflammatory arthritis, diabetes and hypothyroidism. [28] Diabetes and hypothyroidism were also found to be in significantly higher proportion in CTS cases than in controls in another case control study done by Karpitskaya et al. [24] Though pregnancy, use of oral contraceptives, and menopause are linked with CTS, epidemiological evidence seems to be contradictory. [29] Our study did not report significantly higher OR for these variables in respondents with CTS, either in univariate or multivariate model. The relation between CTS and computer use has been investigated repeatedly by various researchers, however, with unequivocal results. A cross-sectional study conducted in a sample of 648 computer professionals found a higher risk for CTS with higher exposure to computer work. [4] In another study, predictive model of CTS among computer users found a higher probability of CTS with increase in use of computers. [7] In a meta-analysis conducted by Shiri and Falah-Hassani, six studies conducted among office workers showed a positive association between computer use and CTS. While another six studies in the same meta-analysis demonstrated an inverse association between these two variables. [5] Our study also found negative association between computer use and CTS, which was consistent with the finding of study done by Atroshi et al. that showed a lower risk of CTS in persons with intensive keyboard use at work. [10] Another review and meta-analysis conducted by Medioni et al. did not show a higher meta-OR for CTS in computer users. [30] In a study done at a medical facility, occurrence of CTS was not found to be different between users and non-users of computer. [12] Similar results were reported in a study done by Hou et al. among male computer users. [13] Thomsen et al., while systematically reviewing eight epidemiological studies, did not find sufficient evidence to support association of computer use and CTS. [15] In spite of adequate sample size and good case: control ratio, an important limitation of our study is possibility of recall bias because the information regarding past computer use, history of major illnesses, previous use of contraceptives and past smoking was self-reported. Moreover, being a hospital based study, there may be limited generalizability of its results to other populations.
conclusion
Our study, which is perhaps first of its kind that has been conducted in Indian population, provides additional support for negative association between CTS and computer use. However, such an inverse association warrants further riskbenefit analysis by conducting appropriate prospective as well as interventional studies.
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